Ageing could be described as the total of time-related alterations in structure and function of the individual resulting in the decrease of its capacity to survive (Clarke and Rockstein 1964) . In insects, such changes have been investigated at the ultrastructural level in the heart muscles (Burch et al. 1970) , flight muscles (Takahashi et al. 1970 , Johnson and Rowely 1972 , Davies 1975 , the venom gland of bees (Owen and Bridges 1976) , the midgut cells (Davies and King 1977) and fat body (Sohal 1973 , Al-Khalifa 1984 .
The present study investigates the ultrastructural changes associated with the ageing process on the oviduct cells of the granary weevil S. granarius. Electron microscopy and cytochemistry Details of the electron microscopical and cytochemical identification are provided in King and Al-Khalifa (1980) .
Morphometry
The relative volumes of the cell organelles such as mitochondria, endoplasmic reticulum, Golgi complexes, secretory vesicles and autophagic vacuoles were calculated using the double lattice test as described by Weibel et al. (1966) . The counts obtained were converted to volume percentage and the resulting data was analysed using the Mann and Whitney U Test (Siegal 1956 ).
Results
The lateral oviduct is surrounded by a single columnar epithelial layer. Adjoining the lumen of the oviduct, the cells have a microvillar border, but in the newly emerged females the microvilli are fewer in number (Fig. 1) . Following ovulation, however, the whole apical border becomes covered with microvilli, below which the apical part of the cell contains many free ribosomes and some rough endoplasmic reticulum in the form of single, short strands, mostly orientated parallel to the longitudinal axis of the cell (Fig. 5 ). Microtubules, with a variety of orientations, are distributed throughout the cytoplasm.
The mitochondria are distributed throughout the cytoplasm and vary in form from elongate to spherical, mostly with transverse ly orientated cristae. A few small Golgi complexes are present in the apical portion of the cell and are associated with small electron-dense vesicles (Fig. 3) in the apical portion of the cell . The nucleus is situated either in the center of the cell or near the basal region. The nuclear envelope has a crenated appearance , and the nucleus contains a d ense agglomeration of chromatin and fills a considerable portion of the cell . The basal cell cytoplasm contains scattered , rough endoplasmic reticulum and mito chondria. The rough endoplasmic reticulum occurs mostly in larger stacks than those in the apical portion (Fig. 3 ). There are fewer smaller mitochondria in this region compared with the apical region of the cell. The few Golgi complexes present are similar in appearance to those occurring in the apical portion of the cell . Between the secretory cells and the surrounding muscle sheath, there is a thin basement membrane and another outside the muscle sheath (Fig .  3) . Occasionally, tracheae penetrate the muscle sheath .
In the columnar cells of the oviduct , 5 days after emergence, there are a few changes in structure, including an increase in the number of Golgi complexes and secretory vesicles , the appearance of a few lysosome-like bodies and granular vacuoles surrounded by a double mem brane (Figs. 2, 4), which may be an early stage in the formation of autophagic vacuoles .
By day 30 after emergence, there are more stacks of rough endoplasmic reticulum scattered throughout the cytoplasm and there is a noticeable increase in the size and number of the Golgi complexes (Figs. 6, 7). There is an increase in the number of adielectronic secretory vesicles scattered throughout the cytoplasm of the apical region of the cell and frequently there are adielectronic lysosome-like bodies present, some of which enclose , or are in close proximity to, mitochondria (Fig. 7) . Larger autophagic vacuoles occur throughout the cytoplasm and contain acid phosphatase (Akai 1969) (Figs. 8, 9 ). Occasionally the vacuoles also contain mito chondria with clearly-defined cristae (Fig. 6) . The mitochondria are widely-distributed through out the cytoplasm and have a variety of shapes and sites .
By day 90 after emergence, there is an increase in the size and number of autophagic vacu oles, in addition to many adielectronic lysosome-like bodies scattered throughout the cyto plasm (Figs. 10, 11, 12) . The autophagic vacuoles fill a considerable part of the cell volume. The endoplasmic reticulum is disrupted, less granular and occurs as long parallel sheets (Fig .  12) . The nuclei of the cells from older insects are elongate and irregular in shape, in contrast to the more spherical nuclei in the cells of young ones. Each Golgi complex is associated with several vesicles and there is a reduction in number of adielectronic secretory vesicles (Figs. 11, 12) .
The degeneration of cell organelles, mainly mitochondria, occurs in one of two ways; either, by direct combination of mitochondria and the adielectronic lysosome-like bodies, or by segre gation and breakdown in autophagic vacuoles (Figs. 10, 12 ). This often occurs in the oviducal cells of old insects. The autophagic vaculoes are similar to those present in many other cell types and many membrane sheets appear to be involved in this aggregation process (Fig. 11) . In addition to mitochondria, there are small fragments of endoplasmic reticulum and other inclusions resembling secretory vesicles (Figs. 10, 11 ).
Morphometry
The columnar epithelial cells of the four previously mentioned age groups were statistically examined for differences in the relative volume of some of their cell organelles.
lysosome-like body (ly). Note that apically, where the lateral cell membranes meet the lumen, there is a terminal bar (tb). Microtubules (arrows) and microvilli (mv). 5, electron micrograph of lateral oviduct columnar cells from newly emerged female. Note there are fewer stacks of rough endoplasmic reticulum (er) in the apical portion of the cell (compare with Fig. 3 ), Golgi complex (g), intercellular space (is) and mitochondrion (m). 6, electron micrograph of a lateral oviduct columnar cells from a 30 days old female showing the well-developed Golgi complex (g). Note an autophagic vacuole (av) contains a mitochondrion (m) with well-defined cristae. Rough endo plasmic reticulum (er).
Figs. 7-12. 7, a low-power electron micrograph of a lateral oviduct columnar cells from a 30 days old female. Note the granulated autophagic vacuoles (av), an adielectronic lysosome-like body (ly), Golgi complex (g), mitochondrion (m) and rough endoplasmic reticulum (er). 8 and 9, acid phosphatase localisation in a granulated autophagic vacuoles (av), Golgi complex (g) and inter cellular space (is) (unstained sections). 10, electron micrograph of lateral oviduct columnar cells from a 90 days old female, showing an autophagic vacuole (av) containing mitochondrion (m). Golgi complex (g) and adielectronic lysosome-like body (ly). 11, a basal portion from a 90 days old oviduct columnar cells showing an autophagic vacuole (av) containing membrane and many adielectronic lysosome-like bodies (arrows). Rough endoplasmic reticulum (er) and Golgi com plex (g). 12, a low power electron micrograph of a lateral oviduct columnar cells from a 90 days old female. Note there are many autophagic vacuoles (av), which segregate many cytoplasmic organelles. Golgi complex (g), intercellular space (is), mitochondrion (m) and nucleus (n).
As ageing proceeds, there is an increase in the relative volume of autophagic vacuoles com pared with other cell components (Table 1) .
However, there is no significant increase in the relative volume between day 5 and day 30 (P=0.06, Table 2 ), but by day 90 there is a statistically significant increase in the relative volume of autophagic vacuoles (P=0.008, Table 2 ). Moreover, there is no significant increase in the relative volume of Golgi complexes between newly-emerged and 5-day old individuals (P= 0.21, Table 2 ), but the increase was significant by day 30 (P=0.008, Table 2 ). The relative volume of secretory vesicles was almost the same up to day 30 (P=0.28, Table 2 ), but was significantly decreased by day 90 (P=0.008, Table 2 ). The relative volumes of rough endo plasmic reticulum and mitochondria remain unchanged with age (Table 2 ). 
Discussion
The columnar oviduct cells of aged females are very disorganized compared with similar cells in young insects.
The apical region of the cells in young individuals contains numerous adielectronic vesicles and mitochondria; these organelles are fewer and are intercalated with autophagic vacuoles and dense lysosome-like bodies in aged ones. As the insect ages, there seems to be an increase in lysosomal and autophagic activity. Hence, there is a significant incresae in autophagic vacuoles and adielectronic lysosome-like bodies in the cells of 90days old insects (P=0.008, Table 2 ). The Golgi cisternae and associated vesicles become more prominent in the older individual, presumably because these organelles participate in the formation of primary lyso somes (Duve and Wattiaux 1966, Novikoff et al. 1964) . Several workers have studied the ef fects of ageing on a variety of cell types and observed large number of lysosomes and auto phagic vacuoles in the aged cells. This was recorded in the flight muscles of Drosophila mel anogaster (Takahashi et al. 1970) , the heart muscle cells of the rat (Travis and Travis 1972) , the receptacle of spermatheca of Apis mellifera (Dallai 1975) , the venom gland cells of A. mellifera (Owen and Bridges 1976) and the mid-gut cells of N. vitripennis (Davies and King 1977) .
In the present study there was neither morphometric nor observational evidence for the formation of "giant" mitochondria with age as described in the flight muscles of Calliphora erythrocephala (Tripe and Ashhurst 1972) and Musca domestica (Sohal et al. 1972) or in the mid-gut cells of N. vitripennis (Davies and King 1977) . Similar observations were made in the flight muscles of N. vitripennis by (Davies 1975 ) who even reported a decrease in the relative volume of mitochondria with age.
The lysosomal marker enzyme, acid phosphatase, was observed in cell organelles such as Golgi complexes, dense lysosome-like bodies and autophagic vacuoles (Figs. 8, 9 ). Extensive lysosomal and autophagic activity has been recorded in the lysis of mitochondria in aged rat heart muscle (Travis and Travis 1972) , aged venom gland cells of A. mellifera (Owen and Bridges 1976) and aged mid-gut cells of N. vitripennis (Davies and King 1977) . Hence, the degradation of mitochondria in aged oviduct cells of S. granarius is apparently a result of the action of the lysosomal enzymes.
Similar changes in the rough endoplasmic reticulum observed in the columnar oviducal cells of old S. granarius (90 days after emergence) have been described in several other cells and under different physiological stresses including salivary gland cells of D. pseudoobscura during development (Harrod and Kastritsis 1972) and aged venom gland cells of A. mellifera (Owen and Bridges 1976) . The ribonuclear particles on the surface of endoplasmic reticulum are closely associated with protein synthesis (Caro and Palade 1964) ; therefore, the changes ob served in the endoplasmic reticulum of the oviduct cells of aged S. granarius could be a result of the reduction in secretory vesicles. Moreover, the changes in the nuclear shape and chro matin density observed in the aged oviduct cells bear some resemblance to the changes record ed in the nucleus of venom system cells in starved N. vitripennis described by Ratcliffe and King (1970) .
The general effect, however, is of an ultrastructural degeneration in the columnar cells of the single oviduct in S. granarius. The significant increase in the number and relative volume of adielectronic lysosome-like bodies and autophagic vacuoles (P=0.008, Table 2 ) may also represent the process suggested by Hochschild (1971) and referred to as "congestive engorge ment of lysosomes". This mechanism is based on the leakage of hydrolytic enzymes through damaged lysosomal membranes into the cytoplasm, thus destroying the DNA, RNA and other essential macromolecules and cell structures. This possibly leads ultimately to the loss of cell function associated with ageing.
Summary
The ultrastructure of the oviduct cells of several aged Sitophlius granarius females is described. Ageing causes extensive ultrastructural changes in the organelles of the columnar epithelial cells of the lateral oviduct including an increase in autophagic vacuoles and Golgi complexes, together with a decrease in secretory vesicles.
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